In order to clarify the significance of obesity in atherosclerotic risk at different ages, the relationship between the body-mass index, serum sialic acid concentration, and various atherosclerotic risk factors were investigated for healthy subjects in three different age groups, 35-39, 40-49 and 50-59 years old. The body-mass index correlated significantly with mean arterial blood pressure, fasting blood sugar, serum triglycerides, atherogenic index and serum uric acid in all age groups.
Introduction
Atherosclerosis is a chronic pathological change of the arterial wall and is known to involve multiple risk factors. One important risk factor is obesity, which is related to the occurrence of other diseases such as hyperlipidemia, diabetes mellitus and hypertension (1). Since early atherosclerotic lesions on blood vessel walls appear at an early age, examinations of these factors and early treatment are important to prevent atherosclerotic cardiovascular diseases in people even while relatively young (2, 3).
Aging has recently been pointed out to influence the association between risk factors and incidence of atherosclerotic diseases (4-8). Concerning obesity, Stevens et al. reported that the relative risk associated with a greater body-mass index for mortality from cardiovascular disease declined with age (8). However, it has not been clarified whether the association of obesity and other atherosclerotic risk factors alters with age.
Serum sialic acid has recently been reported to be elevated in patients with cardio-and cerebrovascular diseases based on follow-up and cross-sectional studies, and its levels are suggested to reflect the atherosclerotic process (9) (10) (11) . A recent study demonstrated that serum sialic acid concentrations are related to the progression of atherosclerosis (12). Our previous studies showed that serum sialic acid concentration is correlated with atherosclerotic risk factors such as blood pressure, fasting blood sugar, white blood cell count and serum lipids and uric acid in healthy people (13, 14) . However , it is unknown whether these correlations are influenced by age . Moreover, it is of interest to examine the importance of obesity in the progression of atherosclerosis at different ages .
In the present study, using data for healthy middle-aged subjects (35-59 years old), who generally show various degrees of atherosclerotic progression, age-related changes were investigated in the relationship between obesity and other atherosclerotic risk factors . Also, age effects on the relationship between serum sialic acid and atherosclerotic risk factors, including body-mass index , were examined in order to determine whether the influence of each risk factor on the atherosclerotic process differs with age.
Methods

Subjects and blood sampling
The subjects were 423 healthy men, aged 35-59 years old, who participated in a periodic medical health examination. The healthy men were defined as those who were not receiving any medical treatment at the time of the survey. The age distribution of the subjects was as follows : 25.3%, 35-39 years old ; 56.0%, 40-49 years old ; 18.7%, 50-59 years old. Blood was sampled in the morning after the subjects had fasted overnight. Besides serum, a portion of each blood sample was collected into tubes containing sodium fluoride for glucose measurement or EDTA for determining white blood cell and platelet counts.
Measurements
Serum lipids (triglycerides, total cholesterol, HDL-cholesterol), uric acid and blood glucose were enzymatically measured with an automatic analyzer.
White blood cells and platelets were counted with a Coulter Counter. Serum sialic acid was assayed by an enzymatic method (15) using a kit (Ultrate SIA from Toyobo Co., Ltd.) as follows. A 1.5-ml portion of solution containing 0.435 mg NADH and 3.0 U lactate dehydrogenase was added to 50 
Results
Profiles of the subjects and overall correlation of bodymass index with atherosclerotic risk factors Table 1 shows the mean value of each item and simple correlation coefficients with body-mass index. Among the items related to atherosclerosis surveyed in this study, systolic blood pressure, diastolic blood pressure, mean arterial blood pressure, serum total cholesterol, HDL cholesterol, triglycerides, atherogenic index, uric acid, sialic acid and fasting blood sugar showed significant correlation to body-mass index. Relatively high correlations (simple coefficient> 0.3) with body-mass index were obtained for diastolic blood pressure, mean arterial blood pressure, total cholesterol, HDL cholesterol, triglycerides and atherogenic index. No significant correlation with body-mass index was observed for white blood cell count, platelet count or smoking.
Age-related changes in correlations of body-mass index with atherosclerotic risk factors The magnitudes of correlations of body-mass index with mean arterial pressure, fasting blood sugar and serum triglycerides decreased with age although they were significant in all three groups (Fig. 1) . Age did not affect the magnitudes of association of body-mass index to atherogenic index and serum uric acid (Fig. 2) . The relation of body-mass index to total cholesterol showed a Ushaped change with age (simple correlation coefficient, 0.48* (35-to-39-year-old) ; 0.19* (40-to-49-year-old) ; 0.38* (50-to-59-year-old) (*, P< 0.01). There was no age-related tendency in the inverse relationship between body-mass index and HDL cholesterol (simple correlation coefficient, -0.25* (35-to-39-year-old) ; -0.33* (40-to-49-year-old) ; -0.28* (50-to-59-year-old) (*, P < 0.01). There were tendencies of the magnitudes of association of body-mass index to platelet count to decrease with age and that for smoking to increase, however the coefficients were not significant (Fig. 3 ).
Age-related changes in correlations of body-mass index with serum sialic acid
The simple correlation of body-mass index to serum sialic acid was significant only for the youngest group (35-39 years) (Fig. 2) . Since the body-mass index was significantly correlated with some atherosclerotic risk factors surveyed in the present study (Table 1) , we selected the items, which were not related to body-mass index, as explanation coefficients for multiple regression analysis of the relation of body-mass index to serum sialic acid. Consequently, multiple regression analysis was performed with serum sialic acid as the target coefficient and the five items of age, body-mass index, white blood cell count, platelet count and number of cigarettes smoked per day as explanation coefficients (Fig. 4) . The body-mass index was significantly correlated to serum sialic acid in the youngest group, but not in the other two groups. The correlation of white blood cell count to serum sialic acid decreased with age. The correlation of platelet count to serum sialic acid was higher in the oldest group than in the other two groups. The correlation of smoking to serum sialic acid was significant only in the oldest group.
Relation of age to obesity
In the age range (35-59 years old) of the subjects, body-mass index did not correlate with age (correlation coefficient, 0.03). Obesity was defined as a body-mass index of above 26.4. Neither the mean value of body mass index nor the incidence of obesity was different Table 1 . Subject profile and simple correlation coefficient with body-mass index. Asterisks denote statistically significant values (*, P<0.05 ; **, P<0.01).
among the three different age-groups (Table 2 ). The percentage of people with obesity in the present study was much lower than the recent national average in Japan [14.5% (30-39 years old) ; 15.0% (40-49 years old) ; 13.6% (50-59 years old)] (16). One possible reason for this difference is that the percentage of obese people might be higher in the 'unhealthy' group which was excluded from the present subjects, than in the 'healthy' group.
Age-related changes in relationships between other atherosclerotic risk factors and serum sialic acid Table 3 shows the simple correlation coefficients between various atherosclerotic risk factors and serum sialic acid. As a whole, the items which were significantly correlated with serum sialic acid were mean arterial pressure, serum triglycerides, atherogenic index, fasting blood sugar, serum uric acid, white blood cell count, platelet count and smoking. Age was not associated with serum sialic acid in the age range (35-60 years old) of the subjects surveyed in the present study. The degree of the correlation of mean arterial pressure to serum sialic acid decreased with age. This correlation was significant in the 35-39 and 40-49 year old groups, but not in the 50-59 year group. The correlation of atherogenic index to serum sialic acid was significant only in the youngest group. The degree of the correlation of triglycerides to serum sialic acid did not change with age. By contrast, the correlation coefficients between white blood cell and platelet counts to serum sialic acid, were highest in the oldest group. The degree of the correlation of smoking to serum sialic acid increased with age. 
Discussion
Whether the recommended body weight should remain constant throughout adulthood or should be higher for older adults is controversial.
A recent follow-up study (8) showed that the risk of death from cardiovascular diseases associated with excess adiposity is lower for older than younger adults in subjects aged from 30 to 74 years old : the relative risk associated with an increment of 1 in the body-mass index was 1.10 for 30-to-44-year-old men and 1.03 for 65-to-74-year-old men. The present investigation using middle-aged subjects (35-to-59-year-old) demonstrated that the magnitude of the relationship between body-mass index and other atherosclerotic risk factors differs with age : the magnitudes of the relationship between body-mass index on one hand and blood pressure, blood glucose and serum triglycerides on the other decreased with age. Since all of these factors are known to be associated with the progress of atherosclerosis, this diminished relationship may result in a lower association of obesity with the risk of cardiovascular death itself in the elderly. Furthermore, the association of body-mass index with serum sialic acid, which has been recently shown to reflect the atherosclerotic process (12), was significant only in the youngest group. This result did not change after adjustment for age and other factors by multivariate analysis.
Moreover, age did not affect the body-mass index itself. These results suggest that a significant influence of obesity on atherosclerosis is seen only at younger ages.
In a previous study, serum sialic acid concentration was higher in the elderly (17), but age did not show an association with serum sialic acid in the present study. The reason for this lack of association may be the much lower age of the elderly group in the present study. On the other hand, the magnitude of the associations of body-mass index with atherogenic index and serum uric acid did not differ with age and they were still significant even in the elderly. This result might explain the finding of a recent study that greater body weight increased the risk of death from cardiovascular disease even in elderly people although the impact of obesity was smaller than in younger people (8).
With respect to the age effect on the association with atherosclerotic risk factors other than body-mass index, the relative risk of cardiovascular diseases associated with hypertension and dyslipidemia has recently been suggested to be small or negligible at higher ages (4, 5). According to a study by Langer and coworkers (4), the paradoxical survival of elderly men with high blood pressure was proposed : low diastolic blood pressure was associated with the greatest cardiovascular mortality and higher diastolic blood pressure predicted survival in the elderly, consequently suggesting that strategies for managing high blood pressure in the elderly should be reevaluated.
Recently, serum sialic acid has been proposed to reflect the atherosclerotic process and its concentrations are reported to be elevated in atherosclerotic cardiovascular diseases (9, 10) and diabetes mellitus, especially when angiopathies are present (18) (19) (20) . Thus, the age effects on the relationship between serum sialic acid and atherosclerotic risk factors were investigated and the results were compared with those of previous studies on age effects on the relationship between the risk of cardiovascular diseases and atherosclerotic risk factors.
In the present study, middle-aged (35-59 years old) healthy subjects were surveyed, because subjects at more advanced ages may be at subclinical stages of various diseases, which influence serum sialic acid concentrations.
As expected from the above epidemiological studies, the magnitudes of the association of serum sialic acid with some atherosclerotic risk factors (blood pressure, atherogenic index, blood sugar and serum uric acid) were significant at younger ages, but not in the elderly. The atherogenic index is determined by the serum total cholesterol and HDL cholesterol concentrations. The correlation coefficients of serum sialic acid to total cholesterol and HDL cholesterol were significant in the youngest group [0.26 (P< 0.01) and -0.27 (P< 0.01), respectively], but not in the other two groups. This finding is consistent with that of a recent study which found no relationship between the risk of coronary heart disease and HDL cholesterol in the elderly (5). On the other hand, the correlation of serum sialic acid concentration to cigarette smoking was not significant at the younger ages, but increased and appeared to be significant in the elderly. Lindberg and coworkers have shown a weak but significant association of serum sialic acid with smoking in men from a population-based study (21). The present finding of an age effect on the relationship between serum sialic acid and smoking agrees with the recent finding that smoking showed a greater impact in the elderly on atherosclerotic change measured by carotid ultrasonography (7). White blood cell count is known to be a risk factor for cardio-and cerebrovascular diseases (22, 23) . In a recent prospective study, platelet count has been also reported to be associated with coronary heart disease (24). To our knowledge, it has not been clarified whether the association between these blood cell counts and the risk of cardiovascular diseases change with age. In the present study, consistently significant associations between serum sialic acid concentration and white blood cell and platelet counts were observed across all ages, but tended to be greater in the elderly. Thus, it is speculated that the impact of these blood cell counts on the risk of cardiovascular disease increases with age.
In conclusion, obesity was more closely related to blood pressure, blood sugar, serum triglycerides and sialic acid levels in the younger subjects than in the more elderly, which may in part explain the recent epidemiological finding of a higher risk of cardiovascular disease among younger subjects.
Moreover, the age-related change of the relation of atherosclerotic risk factors to serum sialic acid varied among the factors, which also may explain the recent observation of a decrease in the estimated relative risk of cerebro-and cardiovascular diseases associated with known risk factors among elderly cohorts (4-6). It is therefore speculated that the correction of excess body weight is more important for prevention of atherosclerotic diseases in relation to some of their risk factors in the young than in the elderly. However, an ideal body weight for the elderly is yet to be determined. Further studies are needed in order to discuss how obesity should be evaluated and treated in the elderly. Moreover, future surveys using a larger population and treating more detailed items of atherosclerotic risk factors, e.g. factors related to blood coagulation and nutrition, are needed in order to confirm the present hypothesis. Dis, 35 : 703-714, 1982 (24) Thaulow E, Erikssen J, Sandvik L, Stormorken H, and Cohn PF : Blood platelet count and function are related to total and cardiovascular death in apparently healthy men. Circulation, 84 : 613-617, 1991 
